2
At heading stage (80 days after transplanting), all panicles of half of the plants in each growth 102 chamber were excised (pruning treatment PR, first experimental factor). Non-PR plants were 103 called controls. The second factor was CO2 treatment: In chamber 1, CO2 level was set at 400 104 µmol mol -1 during the whole experiment (ambient treatment); in chamber 2, CO2 level was 105 maintained at 400 µmol mol -1 until the onset of heading, then switched to 800 µmol mol -1 (e-106 CO2 treatment) for 15 days, the main period of grain filling (Cho et al., 1988) . At the end of the 107 e-CO2 period, physiological and biochemical measurements were performed. The combination 108 of PR and CO2 treatments at grain filling stage was chosen to achieve maximimal C source-109 sink differences and to avoid the appearance of new sinks (panicles) during differential 110 treatments. 111 112 For Exp1 in each growth chamber, photosynthesis, biochemical and biomass measurements 113 (see details below) were carried out at three times of day: morning, midday, and afternoon, at 114 +1h, +6h, and +9h after dawn, respectively, on 5 consecutive days. Measurements were done 115 on a total of 60 plants (2 PR treatments x 3 times of day of sampling x 2 e-CO2 levels x 5 116 biological replications). 117 118 For Exp2, in each growth chamber and for each treatment, photosynthesis, biochemical and 119 biomass measurements carried out at midday, afternoon and evening; at +6h, +9h and +11h 120 after dawn, respectively. As for Exp1, these were done for 5 consecutive days, resulting in a 121 total of 60 measured plants. 122 8 reaching steady-state (7-8 min per step, coefficient of variation <1%). In subsequent analysis, 135 net photosynthesis (A), stomatal conductance (gs) and intercellular CO 2 concentration (Ci) were 136 determined as the value measured at the 400 µmol mol -1 CO2 step of the curve. Chlorophyll 137 fluorescence was measured for each CO2 step simultaneously using Walz PAM-fluorimeter 138 3055FL, integrated into the photosynthesis equipment. The steady-state fluorescence yield (Fs) 139 was measured after registering the gas-exchange parameters. A saturating light pulse (8000 140 µmol m -2 s -1 during 0.8 s) was applied to achieve the light-adapted maximum fluorescence 141 (Fm'). The operating PSII photochemical efficiency (φPSII) was determined as φPSII = (Fm' -142
To fit the FvCB model of C 3 photosynthesis to experimental data, we used non-linear fitting 145 procedure developed by Sharkey (2016), version 2, using the Rubisco kinetic parameters 146 determined by temperature response functions according to Bernacchi (2002) . The three main 147 photosynthesis limitations, maximum carboxylation rate (Vcmax), electron transport rate (Jmax), 148 and triose phosphate utilisation (TPU), were estimated simultaneously, along with mesophyll 149 conductance (gm), by minimizing the sum of squares of the residuals. Independent 150 measurements of day-time respiration (Rd) were made on some plants using the procedure of 151
Yin et al. (2011) , and an average value of Rd was used as a constant in the fitting procedure to 152 avoid over-parameterization. Fluorescence measurements of φPSII were used to study the rate-153 limiting process for each level on the CO2 curve, particularly to study the transition to TPU 154 limitation as φPSII declines at high Ci (Sharkey 2016). To allow treatment comparisons, all 155 parameters were scaled to a constant temperature of 25°C. In total, 120 CO2 response curves 156 were analyzed.polypyrrolidone and activated carbon to eliminate pigments and polyphenols. After evaporation 168 of solute with Speedvac (RC 1022 and RCT 90, Jouan SA, Saint Herblain, France), soluble 169 sugars were quantified by high performance ionic chromatography (HPIC, standard Dionex) 170 with pulsated amperometric detection (HPAE-PAD). The sediment was solubilized with 0.02 171 N NaOH at 90°C for 1.5 h then hydrolyzed with a-amyloglucosidase at 50°C, pH 4.2 for 1.5 h. 172 Starch was quantified as described in Boehringer (Pomeranz and Meloan, 1994) with 5 µL of 173 hexokinase (glucose-6-phosphate dehydrogenase), followed by photometry of NADPH at 340 174 nm (spectrophotometer UV/VIS V-530, Jasco Corporation, Tokyo, Japan). 175 176
Leaf Nitrogen Content and Mass per Area 177
On each plant, segments of the leaf used for measuring CO2 curve was used for determining 178 the nitrogen content in % dw (Nm; mg N g -1 dw of leaf blade) and specific leaf area (SLA; cm 2 179 g -1 ). Nitrogen content per leaf area (Na; g N m -2 ) was obtained as Nm divided by SLA. The 180 area of each sample was measured with a leaf area meter (Li-3100 Li-Cor) then oven-dried until 181 constant weight (48 h at 70°C). Total nitrogen (N) was analyzed based by Dumas combustion 182 method using a LECO TruMac Nitrogen analyzer, and potassium content (K) was measured in 183 addition in Exp2 using an ICP-OES spectrometer 700 Series (Agilent Technologies). A relative 184 indicator of chlorophyll content, SPAD, was also measured on the same leaf using a SPAD-185 502 (Minolta, Ltd., Japan). 186
201
Carbohydrate variables were log-transformed to stabilize variance. An analysis of covariance 202 was performed to study the relationship between TPU, sugar contents, CO2 and pruning 203 treatments, using the PROC GLIMMIX method of the SAS package. Blocking effects (time of 204 the day) were considered as random effects (Piepho et al., 2003) . No experiment effect was 205 observed on parameters measured at the same time in both experiments (illustrated by box plots 206 in Fig. S1 Table S1 ). However, this reduction depended on CO2 treatment 247 (interaction PR x CO2 at P<0.05, Table S1 ) and was significant only in the afternoon and 248 evening under elevated CO2 (Table 1) . Mean reduction in PR was 29% compared to control in 249 the afternoon under elevated CO2 (Fig. 1C) . Regarding Jmax, a significant effect of PR treatment 250 was observed (P<0.001, Table S1), despite no significative numerical decrease of Jmax in PR 251 treatment compared to control as shown in Table 1 (Fig. 2) , TPU was significantly reduced by PR treatment (P<0.001, Table S1 ). A 256 decline of TPU after noon was observed in both [CO2] treatments (Fig. 1B) , resulting in a highly 257 significant time-of-day effect (P<0.001). This decrease was particularly strong under e-CO2 258 when combined with PR treatment, which led to significant interaction effects (PR x CO2, 259 P<0.05). In this latter situation, significant differences between control and PR plants were 260 observed in the afternoon. The decrease of TPU caused by PR in the evening was 40% under 261 elevated [CO2] and 13% under ambient [CO2] (Fig.1B) . (Table 2) . 282
283
Plant growth response to C source-sink imbalance 284 PR significantly increased culm dry matter (by 50-60%, P<0.001, Table S3 and Table S4) were observed (Table S3 ). Panicle dry weight sampled two weeks after heading in the control 287 plants was 280% higher under elevated [CO2] compared to ambient [CO2] (P<0.001, Table S3  288   and Table S4 ), suggesting a strong stimulation of CO2 enrichment on grain filling. By contrast, 289 none of the factors affected plant total leaf dry matter, tiller number, panicle number and the 290 SLA of the flag leaves used for photosynthesis measurement (Table S3) (Table S5 ). This was supported by the negative, linear 307 correlations (R 2 =0.66 for controls, R 2 =0.40 for PR) observed between flag leaf sucrose 308 concentration and TPU (Fig. 4) . The two linear correlations showed a similar slope (-5.4 for 309 control and -6.1 for pruned) but with lower TPU value at the intercepts in the case of pruned 310
plants. An effect of starch concentration in the lower internodes was also observed (P=0.01) 311 but it was smaller than that of leaf sucrose. The patterns of diurnal decline of TPU generally mirrored those of A (Fig.1) , resulting in a 410 highly significant correlation between the two variables (Fig. 3) . This correlation in itself, 411 however, is not proof of a rate limitation by TPU. The A/Ci curves in Fig. 2A (Fig. 2B) . In most of the 416 situations studied, the critical Ci incurring TPU limitation was higher than the observated Ci. In 417 one particular situation, however (e-CO2, pruning, evening), the critical Ci was 363 µmol mol 1998) and decrease TPU as previously described. 497
498
The ratio of flag-leaf area over the fertile spikelet number of the corresponding panicle provides 499 a rough proxy for local C source-sink ratio during grain filling. It correlated negatively with 500 TPU (Fig. 5) , suggesting that morphology-based phenotypic plasticity causing variation in C 501 source-sink ratio can affect TPU. A recent study also reported the effect of sink strength on 502 sucrose partitioning that may be used to increase grain yield in rice 
